Two new derivatives of phenylpropenoic acids, N-trans-feruloyl-L-DOPA and O-trans-caffeoyl-malic acid dimethyl ester, along with four known N-trans-caffeoyl-L-DOPA (clovamide), N-trans-caffeoyl-L-DOPA-methyl ester, O-trans-caffeoyl-malic acid, O-trans-feruloyl-malic acid and quercetin 3-O-β-D-glucopyranoside were isolated from the aerial parts of Trifolium pallidum. Their structures were elucidated by extensive spectroscopic methods including 1D-( 1 H, 13 C) and 2D-NMR (DQF-COSY, HSQC, HMBC) experiments as well as mass spectrometry analysis.
Trifolium pallidum Waldst. et Kit. is a wildly-growing annual species of clover, indigenous to Mediterranean regions of Eurasia and Africa. Genetically, it is a distant relative of red clover (Trifolium pratense L.) [1] , from which it differs in a number of chromosomes (2n =16 vs. 2n = 14 in T. pratense), longevity (annual vs. weakly perennial) as well as in a number of morphological features. Exceptional among the annual Trifolium species is the requirement of T. pallidum for cross-pollination [2] , a feature shared with its perennial cousin. Because of apparent similarities between the two species, attempts to create a hybrid T. pratense x T. pallidum plants were made aiming to improve some of red clover's characteristics [3, 4] .
From a phytochemical point of view, T. pallidum remains largely unknown. A phytochemical survey of 57 species of clover indicates that T. pallidum contains very high levels of phenylpropenoic acids and their clovamide-type amides [5] . The latter substances, for the first time were isolated from the extracts of T. pretense [6, 7] . In the same material, Yoshihara and coworkers detected also caffeoylmalic acid (phaselic acid), which was identified a decade earlier in beans by Scarpati and Oriente in 1960 [8] .
Phenylpropenoic acids and their clovamide-type amides are of particular interest because of their potential pharmacological uses in treating cardiovascular diseases [9] [10] [11] and as a general anti-oxidative protection [12] . In plants, clovamide-type amides accumulate in response to pathogen infections, wounding and after the induction with jasmonic acid [13] , although their role in plant defense processes remains unclear. In contrast, large amounts of hydroxycinnamic acids esters, mainly phaselic acid, accumulate constitutively in the leaves of red clover. Postharvest oxidation of phaselic acid and other o-diphenols by endogenous polyphenol oxidases (PPO) prevents breakdown of red clover proteins during harvest and storage [14] . As a major substrate for PPO, phaselic acid may also be involved in protecting red clover against pathogens and insect herbivores [15] . In the present work, we report a new phenylpropenoic acid amide (1) and a new ester (2) together with five other (3-7) phenolic compounds in the aerial parts of this species. Compounds were analyzed by a combination of one-and two-dimensional NMR techniques, and by mass spectrometry.
General mass fragmentation of 1 resembled the patterns observed for trans-clovamide (3) published before by Yoshihara and co-workers (1977) . Molecular ion was observed at m/z 372. A base peak at m/z 222 observed in the spectrum was obtained from the loss of a vinylcatechol and the other strong peak at m/z 178 resulted from the fission of an N-αC bond. An additional ion at m/z 328 resulted from the loss of CO 2 from molecular ion and the ion at m/z 340 matched the loss of methanol. Additional minor ions observed in the fragmentation spectrum at m/z 236 and 250 corresponded to the losses of methoxyhydroxytoluyl and benzyl groups, respectively. The 1 H NMR spectrum of 1 showed signals corresponding to six aromatic, two olefinic, three aliphatic protons and to a methoxy group. Three proton signals at δ 6.84 (d, J = 8.1 Hz), 7.07 (dd, J = 8.1, 1.8 Hz) and 7.18 (d, J = 1.8 Hz) ascribable of a 1,3,4-substituted benzene ring, and two olefinic protons at δ 6.53 (d, J = 15.8 Hz) and 7.46 (d, J = 15.8 Hz) which were in trans-configuration as suggested by their coupling constant, indicated the presence of a phenylpropenoic unit confirmed by 2D-NMR experiment such as HSQC, HMBC and COSY. The methoxy group was located at C-3' on the basis of the HMBC experiment between the proton signal at δ 3.87 (s) and the carbon resonance at δ 148.9 (C-3'), allowing to deduce the occurrence of a feruloyl moiety. The remaining three aromatic proton signals at δ 6.60 (dd, J = 8.1, 1.8 Hz), 6.74 (d, J = 8.1 Hz) and 6.72 (d, J = 1.8 Hz) were attributed to an additional 1,3,4-substituted aromatic ring. This evidence in combination with the three aliphatic proton signals in the 1 H NMR spectrum at δ 2.93 (dd, J = 13.9, 8.1 Hz,), 3.12 (dd, J = 13.9, 5.1 Hz) and 4.73 (dd, J = 8.1, 5.1) and on the basis of the HSQC and HMBC correlations suggested the presence of a DOPA unit. Moreover, in the HMBC spectrum the correlation between the proton signal of DOPA at δ 4.73 (H-8) and the carbon resonance of the feruloyl moiety at δ 168.6 (C-9') allowed to establish the amide linkage between the feruloyl acid and DOPA moieties. Thus, compound 1 was identified as the new N-trans-feruloyl-L-DOPA (Figure 1 ).
The deprotonated molecular ion of 2 at m/z 323 fragmented into ions essentially identical to that of deprotonated O-caffeoyl-malic acid (5) . The only notable deviation from that pattern was complete lack of the malate ion at m/z 133. Weak fragment ion at m/z 135 observed in both 2 and 5 spectra, results from the loss of, respectively, malic acid dimethyl ester or malic acid residue together with the ester bond-forming carboxyl.
The 1 H NMR spectrum of compound 2 showed three aromatic protons at δ 6.81 (d, J = 8.1 Hz), 7.00 (dd, J = 8.1, 1.8 Hz) and 7.09 (d, J = 1.8 Hz) attributable to a 1,3,4substituted aromatic ring, and two olefinic protons at δ 6.32 (d, J = 15.8 Hz) and 7.63 (d, J = 15.8 Hz) which suggested the presence of a caffeic acid moiety. Further evidences in the 1 H NMR spectrum were two methoxy signals at δ 3.74 and 3.76 along with a methylene signal at δ 3.00 (2H, m) coupled to a methine signal at δ 5.52 (dd, J = 7.3, 5.5 Hz). Diagnostic HMBC correlations between the α-methine proton at δ 5.52 (H-2) and the carbon resonances at δ 170.8 (C-1) and 171.2 (C-4) allowed to establish the structure of this residue as malic acid. Additional long-range correlations between the methoxy groups at δ 3.74 (3H, s) and 3.76 (3H, s) and the carbon values at δ 170.8 (C-1) and 171.2 (C-4), respectively, suggested the esterification at these positions. The ester linkage between the caffeic acid moiety and the malic acid was established by the HMBC correlation of the proton at δ 5.52 (H-2) and the carbon at δ 167.4 (C-9'). Therefore, compound 2 was identified as the new O-trans-caffeoylmalic acid dimethyl ester (Figure 1 ).
The N-trans-caffeoyl-L-DOPA (clovamide) (3) and Ntrans-caffeoyl-L-DOPA-methyl ester (4) were identified by comparison of their 1 H and 13 C NMR data with those reported in the literature by Ley and Bertram [12] and Stark and Hofmann [16] , O-trans-caffeoyl-malic acid (5) and O-trans-feruloyl-malic acid (6), in a row, were identified pursuant to those describing by Liang and coworkers [17] and Harbaum and coworkers [18] . Clovamide-type phenylpropenoic acid amides are of great interest due to their pharmacological activities. These compounds may provide potential benefits effects on P-selectin expression and platelet-leukocyte interactions [10] . Clovamide-type phenylpropenoic acid amides found in Theobroma cacao L. have been studied to determine their effects on platelet functions, because the consumption of cocoa-derived products has been suggested to have beneficial effects on cardiovascular diseases [11] .
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Phaselic acid and other o-diphenols along with PPO constitute a natural system of protein protection in red clover. Oxidation of endogenous o-diphenols by PPO prevents loss of proteins during harvest and storage. Ruminant animals, such as dairy cows, poorly utilize the nitrogen from degraded proteins and excrete excess of nitrogen into the environment. This leads to higher costs of production, due to a need for protein-supplemented feeds. Also, feeding ruminant animals with forage crops containing high level of PPO and o-diphenols results in healthier lipid profiles of milk and meat products. Besides the role in animal nutrition, o-diphenols are natural antioxidants; consequently, they may have a potential to be used in human nutrition [14, 15, 20] . Spectroscopic analysis: ESI-MS/MS spectra were recorded on the Thermo Finnigan LCQ Adventage Max ion-trap mass spectrometer equipped with the electrospray ion source. Data was acquired in the negative ion mode with the following ion source parameters: spray voltage: 4.2 kV; transfer capillary offset voltage: -60 V; transfer capillary temperature: 220°C; nitrogen sheath gas flow 0.9 L/min. Data processing was performed using Xcalibur software. NMR experiments were performed on the Bruker DRX-600 spectrometer (Bruker BioSpinGmBH, Rheinstetten, Germany) equipped with a Bruker 5 mm TCI CryoProbeat 300 K. All 2DNMR spectra were acquired in CD3OD (99.95%, Sigma-Aldrich) and standard pulse sequences and phase cycling were used for DQF-COSY, HSQC and HMBC spectra. The NMR data were processed using UXNMR software. Chemical shifts were recorded in ppm as δ relative to tetramethylsilane (TMS) as internal standard.
Extraction and isolation:
Powdered plant material was extracted with 80% MeOH at the room temperature for 24 hours. The extract was filtered and the residue was extracted twice in the same conditions for 1 h. Combined extracts were concentrated under reduced pressure, suspended in water and applied to a short column (60 x 100 mm, LiChroprep RP-18, 40-63 μm, Merck) preconditioned with water. The column was washed with water to remove unbound material and then with 40% MeOH to elute amide fraction, which was subsequently condensed to nearly dryness in vacuum, dissolved in H 2 O and loaded onto a preparative column (40 x 500 mm, LiChroprep RP-18, 40-63 μm, Merck). The column was washed with water and then with increasing concentrations of MeOH in water (linear gradient 0 -40% MeOH). Ten milliliters fractions were collected, checked by TLC (DC-Alufolien Cellulose, Merck) developed in 15% acetic acid, and observed under UV (366 nm). Fractions showing similar TLC patterns were further analyzed by HPLC (Waters with 996 PDA detector, 616 Pump and 4 x 250 mm Knauer Eurospher-100 RP-18 column) using an isocratic solvent system (MeOH, 1% H 3 PO 4 ) with concentration of methanol dependent on the specific fraction.
N-trans-Feruoyl-L-DOPA (1)
UV\Vis λ max (CH 3 OH): 289.1, 320.1 nm. 1 
N-trans-Caffeoyl-L-DOPA (trans-Clovamide) (3)
UV\Vis λ max (CH 3 OH) 289.1, 321.3 nm. 1 H NMR and 13 C NMR consistent with those reported by Ley and Bertram [12] and Stark and Hofmann [16] .
